hypertension and osteopenia [1] . Furthermore, steroids have been implicated in hepatitis C (HCV) recurrence after LT and graft failure [2] [3] [4] . The immunosuppression regimen at our center comprised originally tacrolimus and steroids. However, as of February 2011, a steroid-free protocol using tacrolimus and mycophenolate mofetil (MMF) has been employed instead. In the present study, we evaluate this new steroid-free protocol against the old steroid-containing one with respect to the incidence of bacteremia, acute cellular rejection and long-term patient survival.
Patients and Methods

Patients
A total of 141 patients among those who underwent LT at Kyoto University hospital between January 2009 and November 2013 were analyzed in this study. ABO-incompatible recipients and those who received steroid-administration before transplantation were excluded. One hundred twenty eight patients received living donor LT (LDLT) while the other 13 patients underwent deceased donor LT (DDLT). Sixty-three patients underwent LT between January 2009 and January 2011 (former period) and were thus administered the conventional steroid-containing immunosuppression protocol of tacrolimus and steroid. From February 2011 till November 2013 (latter period), 76 patients underwent LT and received the steroidfree immunosuppression protocol of tacrolimus and MMF. There were 2 patients who were given steroid after the change to the steroidfree protocol. The reason was that one patient was a 17 years old female and she received the child's protocol which contains steroid. The other patient developed acute respiratory distress syndrome (ARDS) right after transplantation and she was administered steroid as a part of ARDS treatment. Patient characteristics are described in table 1. There were no significant differences between both groups in age, gender, graft to recipient body weight ratio (GRWR), Child-Pugh classification or model for end-stage liver diseases (MELD) score. The study was approved by the Ethics Committee of Kyoto University and conducted in accordance with the Declaration of Helsinki of 1996.
Introduction
Liver transplantation (LT) is performed worldwide with immunosuppression being an indispensable component of the perioperative management. Calcineurin inhibitors and steroids have been the most popular and widely used drugs for a long time. However, steroids hold long-term adverse effects, as increased susceptibility to infection, hyperglycemia, hyperlipidemia, obesity,
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Immunosuppression regimens used in this study were described elsewhere in details [5] . Briefly, tacrolimus was given within the first 12 hours after LT, adjusted to a trough level 10 ng/ml which was decreased gradually to 5-8 ng/ml according to each patient's condition. All patients received a bolus injection of 10 mg/kg of steroid immediately after reflow during the surgery. In the steroidadministered group, we then routinely administered 1, 0.5 and 0.3 mg/kg/day of intravenous steroid from post-operative days (POD) 1 -3, 4 -6 and 7, respectively. Thereafter we administered 0.3 mg/kg/day p.o. of steroid until POD 28 and 0.1 mg/kg/day until POD 90. In the steroid-free group, MMF was given at a starting dose of 10 -15 mg/ kg/day, and then was gradually increased to 30 mg/kg/day depending on each patient's condition. Tacrolimus, prednisolone and MMF were given either by oral intake or via a naso-gastric tube.
Bacteremia was used in this study as an index of infection. We compared the rate of positive blood culture (other than common skin contaminants) within three months after liver transplantation between patients in the former period (before January 31, 2011) and in the latter period (after February 1, 2011). Blood culture samples were collected within a few days after transplantation from all patients, and then, samples were collected after that whenever high fever or any kind of symptoms suggesting infections occur. Bacteremia caused by common skin contaminants was considered significant only when the organism was isolated from 2 individual blood cultures and this finding was accompanied by clinical signs of infection. Broad-spectrum antimicrobials are administered when we suspect bacteremia due to high fever and increase in white blood cell count. When the clinical symptoms or laboratory data indicating infection such as C-reactive protein or white blood cell counts improved, we change antibiotics into narrow spectrum one according to the antimicrobial susceptibility test or stop antibiotics treatment with reference to the infection control team.
Rejection was diagnosed by liver biopsy. The acute cellular rejection (ACR) grading was assessed as mild, moderate and severer according to the Banff criteria [6] . Two cases were diagnosed as a humoral rejection. The incidence and severity of acute cellular rejection were compared between patients in the former period and in the latter period.
Steroid pulse treatment was given when a patient was diagnosed as ACR by histological evidence or by clinical judgment. In case of moderate to severe rejection, 10 mg/kg/day methyl prednisolone was administered 3 days then was tapered gradually. In case of mild to moderate rejection, 20 mg/kg//day hydrocortisone was administered then was tapered gradually thereafter. Some patients who were diagnosed as having mild rejection by histology received only oral prednisolone.
Overall survival was also compared between patients in the former period and in the latter period.
Statistical analysis
Data were summarized as mean ± standard deviation (SD) for continuous variables. Categorical variables were compared using the χ 2 test or Fisher's exact test where appropriate. Survival rate was calculated using Kaplan-Meier methods with differences evaluated using log-rank or Mantel-Cox test. Two tailed P < 0.05 was considered significant. Any variable identified as significant (P < 0.05) in univariate analysis was considered a candidate for multivariate analysis using multiple logistic regression models. All statistical data were generated using JMP 11 (SAS Institute, Cary, NC) and Prism 6.02 (GraphPad Software, Inc., La Jolla, CA, USA).
Results
Bacteremia
The rate of positive blood culture was 47.7% (31 cases out of 65 patients) in the steroid-given group and 32.9% (25 cases out of 76 patients) in the steroid-free group. These proportions were also not significantly different (P = 0.086), although the rate of bacteremia had a tendency to decrease in the steroid-free group. Regarding to species, the percentage of Pseudomonas aeruginosa was significantly lower in the steroid-free group compared with the steroid-given group (P = 0.028). Methicillin-resistant Staphylococcus aureus was less detected in the steroid-free group than the steroid-given group (P = 0.123). Moreover, the incidence of death due to bacteremia decreased in the steroid-free group (11.9%) compared with the steroid-given group (20.3%) (P = 0.181). Moreover, in case where patients diagnosed with ACR who received steroid pulse treatment were categorized as steroidpositive, the rate of bacteremia in the steroid-free group (27.0%) was lower than that in the steroid-given group (44.0%) (P = 0.061).
Rejection
There were 27.7% (18 cases out of 65 patients) under the steroidcontaining protocol and 35.5% (27 cases out of 76 patients) under the steroid-free protocol who were diagnosed as rejection, which showed no significant difference (P = 0.367) ( Table 2 ). However, rejection tended to be more frequent in the steroid-free protocol.
Furthermore, the histological severity of rejection was additionally analyzed within the patients who were histologically diagnosed as rejection, 14 cases were ACR-indeterminate to mild and 4 cases were ACR-moderate to severe under the steroid containing protocol, and 15 cases were ACR-indeterminate to mild, 10 cases were ACRmoderate to severe and 2 cases of humoral rejection under the steroidfree protocol. The two groups also revealed no significant difference (P = 0.325), however, rejection tended to be severer in steroid-free protocol than under the steroid-containing protocol (Table 2) . administration and MELD score were of prognostic significance at P < 0.10 (Table 3) , then only MELD score > 20 was an independent risk factor for bacteremia (P = 0.0032) ( Table 4) . None of the analyzed 5 factors was a significant risk factor of rejection (Table 5) .
Overall survival
Overall survival in the former period did not differ significantly from that in the latter period (P = 0.281) (Figure 1 ).
Discussion
Steroid has been used popularly as a part of immunosuppressive therapy despite of its long-term adverse effects. Recently, several clinical trials to address the feasibility of steroid avoidance have been performed. Some studies reported steroid early-withdrawal or minimization regimens to show no significant difference in graft failure, however, with a better control of adverse effects, as hyperglycemia [7] [8] [9] [10] . Other studies used steroid administration via vein injection during surgery followed by steroid-free protocols or completely steroid-free protocols [11] [12] [13] [14] . Recently, meta-analysis reported that steroid-free protocol was of lower risk of hyperlipidemia and cytomegalovirus infection than in the steroid-containing protocols [3, 15] . Furthermore, Cuervas-Mons et al. found the same steroid-free regimen with tacrolimus and MMF to be associated with a trend toward better preservation of kidney function and reduction of cardiovascular risk score [16] . To the best of our knowledge, this is the first report to show that the incidence of post-transplant bacteremia tends to insignificantly decrease while rejection tended to be more frequent after LT under the steroid-free protocol, however most of rejection cases were controlled by steroid pulse treatment.
In the present study, the rate of bacteremia is high, especially in the steroid-given group. As for possible reason, our study includes severe patients with a little high MELD score and more than 70% of the patients had Child-Pugh class C cirrhosis. Moreover, our measures against postoperative infection including hand hygiene and contact precautions might be insufficient. In fact, this is the reason why we changed our immunosuppression protocol after February 2011 to try to reduce the rate of bacteremia in some way.
Bacteremia is considered the major cause of graft morbidity and in-hospital death [17] , and infection control has a pivotal role in improving early outcomes of LT [18] . Even though there was no significant difference observed between both groups, the incidence of bacteremia tended to decrease in the steroid-free group in this study.
All cases of rejection under the steroid-free protocol received steroid pulse treatment, which often leads to remission. Moreover, since the early ACR does not affect the morbidity and graft survival, ACR is recently thought to be no longer a critical issue, and complete prevention of ACR early after LT is no longer needed [14, 19] .
Only high pre-transplant MELD score was as significant risk factor for post-transplant bacteremia. Previously we reported that MELD score was not associated to occurrence of bacteremia after LT [17] . The discrepancy of these results might be attributed to the fact that ABO-incompatible transplantation and patients who were given steroids before transplantation were excluded from the present study.
Several limitations should be born in mind. First, this was a retrospective single center study. Bacteremia tended to decrease and ACR tended to increase with steroid-free protocol, however, insignificantly. One of the reasons could be that the sample volume was not enough for analysis. As for diagnosis of the rejection, some cases were diagnosed without histology by a subjective personal judge of an attending doctor, and steroid pulse was administered accordingly. A further study with a consensus for rejection diagnosis is therefore necessary. Overall survival has no significant difference between steroid (+) and (-), but a better survival positive tended to occur in the steroid-free protocol (P = 0.281). Steroid (+), steroid-containing protocol; steroid (-), steroid-free protocol.
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In conclusion, steroid-free regimen had a trend of decreased risk of post-transplant bacteremia, increased risk of rejection and no difference in overall survival from the steroid-containing regimen. Thus, steroid-free immunosuppression could be of value in LT. Further prospective randomized controlled trials are warranted to precisely evaluate the steroid-free protocol.
